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ABSTRACT
Infectious diseases remain a major global health challenge despite advances in antimicrobial therapy, largely due to antimicrobial resistance, emerging 
pathogens, and host susceptibility factors. Increasing scientific attention has been directed toward natural therapeutic modalities—including herbal 
medicine, Ayurveda, yoga, and dietary interventions—as adjuncts to conventional treatment strategies. These approaches offer multi-targeted biochemical 
and biophysiological mechanisms such as immunomodulation, anti-inflammatory effects, antiviral activity, microbiome regulation, and neuroendocrine 
balance. This article provides a comprehensive scientific review of natural strategies in managing infectious diseases, focusing on mechanistic pathways at 
molecular, cellular, and systemic levels, and highlighting their integrative role alongside modern medicine.

Introduction
Infectious diseases, caused by bacteria, viruses, fungi, and 
parasites, continue to exert significant morbidity and mortality 
worldwide despite the availability of antibiotics, antivirals, 
and vaccines [1]. The increasing prevalence of antimicrobial 
resistance (AMR) has necessitated exploration of alternative 
and complementary therapeutic strategies that can enhance host 
immunity, reduce pathogen load, and improve recovery outcomes 
[2]. Natural treatments such as herbal medicines, Ayurvedic 
formulations, yoga-based interventions, and functional dietary 
approaches have been used for centuries across different 
cultures and are now being investigated using modern scientific 
methodologies to understand their mechanisms of action [3]. 
These therapies operate not only through direct antimicrobial 
effects but also by modulating host immune responses, reducing 
systemic inflammation, improving metabolic resilience, and 
restoring microbiome balance [4]. The integrative use of natural 
therapies provides a systems biology approach, addressing 
both pathogen elimination and host defence mechanisms 
simultaneously. Moreover, natural therapies often exhibit lower 
toxicity profiles and can reduce reliance on pharmacological 
agents when used appropriately under clinical supervision. 

The concept of “host-directed therapy” is gaining prominence, 
wherein strengthening host immunity is as critical as targeting 
the pathogen itself. Therefore, integrating natural modalities 
into infectious disease management represents a paradigm shift 
toward holistic and sustainable healthcare.

Herbal Medicines and Their Biochemical Mechanisms
Herbal medicines form the cornerstone of natural treatment 
systems and have demonstrated significant antimicrobial, 
antiviral, antifungal, and immunomodulatory properties 
through multiple biochemical pathways [5]. Phytochemicals 
such as flavonoids, alkaloids, terpenoids, polyphenols, and 
glycosides exert direct antimicrobial activity by disrupting 
microbial cell walls, inhibiting nucleic acid synthesis, and 
interfering with protein synthesis [6]. For example, curcumin 
from turmeric inhibits NF-κB signalling pathways, thereby 
reducing inflammatory cytokines such as TNF-α and IL-6 
while also exhibiting antiviral activity against multiple viruses 
[7]. Similarly, allicin from garlic demonstrates broad-spectrum 
antibacterial activity by reacting with thiol groups in bacterial 
enzymes, leading to metabolic disruption and cell death [8].



Copyright © Rajeev Gupta.

J Infect Dise Treat, 2026

 Volume 4 | Issue 2

www.oaskpublishers.com Page: 2 of 5

Herbal compounds also enhance innate and adaptive immunity by modulating macrophage activation, dendritic cell function, and 
T-cell responses [9]. For instance, Withania somnifera (Ashwagandha) enhances natural killer (NK) cell activity and promotes 
Th1 immune responses, improving resistance to viral infections [10]. Additionally, many herbs act as antioxidants by scavenging 
reactive oxygen species (ROS), thereby protecting tissues from oxidative damage during infection [11]. The synergistic action of 
multiple phytochemicals within a single herb or formulation provides a polypharmacological effect, targeting multiple pathways 
simultaneously, which is particularly useful in complex infectious processes. Furthermore, herbal medicines can modulate the gut 
microbiome, promoting beneficial bacterial growth and inhibiting pathogenic species, thereby enhancing mucosal immunity. This 
multifaceted biochemical activity underscores the importance of herbal medicine in integrative infectious disease management.

Table 1: Detailed Cytokine and Inflammatory Pathway Modulation by Natural Therapies
Natural In-
tervention Primary Targets Pathway 

Modulated
Biochemical 
Mechanism

Biophysiological 
Effect

Clinical 
Relevance

Curcumin (Turmeric) NF-κB, TNF-α, IL-6 NF-κB, MAPK Inhibits IκB kinase → ↓ 
NF-κB activation

Reduced cytokine 
storm

Sepsis, viral 
infections

Ginger (Gin-gerol) COX-2, LOX Arachidonic 
pathway

↓ Prostaglandins & 
leukotrienes

Anti-inflammatory Respiratory 
infections

Tulsi (Euge-nol) IL-6, IFN-γ JAK-STAT Enhances interferon 
signaling

Antiviral 
immunity

Influenza, 
COVID-like

Garlic (Al-licin) ROS, cytokines Redox pathways Scavenges ROS, 
inhibits enzymes

Reduced oxidative 
damage

Bacterial 
infections

Green Tea (EGCG) Viral proteases PI3K/Akt Blocks viral replication Antiviral effect Viral 
infections

Ayurvedic Approaches and Systems Biology Mechanisms
Ayurveda conceptualizes infectious diseases under the framework of Agni (digestive/metabolic fire), Ama (toxins), and Ojas 
(immunity and vitality), emphasizing restoration of systemic balance rather than isolated pathogen targeting [12]. Ayurvedic 
herbs such as Tinospora cordifolia (Guduchi), Ocimum sanctum (Tulsi), and Azadirachta indica (Neem) have demonstrated 
immunomodulatory, antiviral, and anti-inflammatory properties in modern scientific studies [13]. Guduchi enhances macrophage 
phagocytic activity and stimulates cytokine production, thereby strengthening innate immunity [14]. Tulsi exhibits antiviral activity 
by inhibiting viral replication and modulating interferon pathways, while Neem demonstrates antibacterial and antifungal effects 
through disruption of microbial cell membranes [15].

From a systems biology perspective, Ayurveda acts through multiple interconnected pathways, including modulation of the 
hypothalamic-pituitary-adrenal (HPA) axis, regulation of inflammatory cascades, and enhancement of metabolic homeostasis [16]. 
Rasayana therapies, which are rejuvenative treatments, improve immune resilience by enhancing antioxidant enzyme activity and 
promoting cellular repair mechanisms [17]. Panchakarma detoxification therapies may contribute to reducing systemic inflammatory 
burden and improving immune function through modulation of cytokine profiles and oxidative stress markers [18]. Ayurvedic 
dietary recommendations, emphasizing warm, easily digestible foods and specific spices, support gut health and immune function 
by optimizing digestion and nutrient absorption. The integration of Ayurvedic principles into infectious disease management offers 
a personalized and preventive approach that aligns with modern precision medicine concepts.

Table 2: Systems Biology Integration of Natural Therapies
System Interven-tion Mechanism Interaction Outcome

Immune Herbs Cytokine modula-tion Microbiome Infection con-trol
Nervous Yoga Autonomic balance Immune system Reduced stress
Endocrine Adaptogens HPA regulation Immune modula-tion Resilience
Microbi-ome Diet SCFA production Immune activation Prevention
Cellular Antioxi-dants ROS reduction Tissue repair Recovery

Kitchen Herbs and Nutritional Immunology
Common kitchen herbs and spices possess significant antimicrobial and immunomodulatory properties, making them accessible 
and cost-effective tools in infection management [19]. Ginger (Zingiber officinale) exhibits antiviral and anti-inflammatory effects 
through inhibition of prostaglandin synthesis and modulation of cytokine production [20]. Cinnamon contains cinnamaldehyde, 
which disrupts bacterial cell membranes and inhibits biofilm formation [21]. Clove, rich in eugenol, demonstrates potent antimicrobial 
activity against a wide range of pathogens and also acts as an antioxidant [22].
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Table 3: Cellular Immune Activation by Natural Therapies
Immune Cell Natural Thera-py Mechanism Functional Effect Outcome

Macrophages Guduchi ↑ Phagocytosis Pathogen clear-ance Infection resolution
NK Cells Ashwagandha Cytotoxic enhance-ment Viral killing Viral control
T Cells Yoga, diet Cytokine balance Adaptive immuni-ty Long-term protec-tion
B Cells Nutrition Antibody production Humoral immuni-ty Prevention

From a biochemical perspective, these kitchen herbs influence key signaling pathways such as NF-κB, MAPK, and JAK-STAT, 
thereby regulating immune responses and inflammation [23]. They also enhance mucosal immunity by increasing secretory IgA 
levels and supporting gut microbiota diversity [24]. Nutritional components such as vitamins (A, C, D, E), minerals (zinc, selenium), 
and polyphenols further strengthen immune defenses by supporting lymphocyte proliferation, antibody production, and antioxidant 
capacity [25]. The concept of “food as medicine” is particularly relevant in infectious diseases, where dietary interventions can 
significantly influence disease progression and recovery. Regular consumption of immune-supportive foods and spices can act as a 
preventive strategy, reducing susceptibility to infections and improving overall health outcomes.

Table 4: Detailed Cytokine and Inflammatory Pathway Modulation by Natural Therapies
Natural In-
tervention Primary Targets Pathway 

Modulated
Biochemical 
Mechanism

Biophysiological 
Effect

Clinical Rel-
evance

Curcumin 
(Turmeric)

NF-κB, TNF-α, 
IL-6

NF-κB, MAPK Inhibits IκB 
kinase → ↓ NF-κB 
activation

Reduced cytokine 
storm

Sepsis, viral 
infections

Ginger (Gin-gerol) COX-2, LOX Arachidonic 
pathway

↓ Prostaglandins & 
leukotrienes

Anti-inflammatory Respiratory 
infections

Tulsi (Euge-nol) IL-6, IFN-γ JAK-STAT Enhances 
interferon signaling

Antiviral immunity Influenza, COVID-
like

Garlic (Al-licin) ROS, cytokines Redox pathways Scavenges ROS, 
inhibits enzymes

Reduced oxidative 
damage

Bacterial in-
fections

Green Tea (EGCG) Viral proteases PI3K/Akt Blocks viral 
replication

Antiviral effect Viral infections

Yoga and Biophysiological Mechanisms in Infection Control
Yoga plays a critical role in infectious disease management through its effects on the neuroendocrine-immune axis [26]. Practices 
such as asanas (postures), pranayama (breathing techniques), and meditation modulate the autonomic nervous system, shifting 
the balance toward parasympathetic dominance, which is associated with improved immune function [27]. Pranayama techniques 
increase lung capacity, improve oxygenation, and enhance mucociliary clearance, thereby reducing susceptibility to respiratory 
infections [28].

Table 5: Neuroendocrine–Immune Interaction Mechanisms
Intervention Neuroendocrine Target Mechanism Immune Effect Clinical Out-come

Yoga (Asa-nas) Autonomic nerv-ous system ↑ Parasympathetic tone Enhanced immune balance Reduced infec-tion risk
Pranayama Lung–brain axis ↑ Oxygenation, vagal tone Improved mucosal immunity Respiratory protection
Meditation HPA axis ↓ Cortisol secre-tion ↓ Immunosuppression Better recovery
Ashwagan-dha Cortisol receptors Adaptogenic ef-fect ↑ NK cell activity Chronic infec-tion control

At a biochemical level, yoga reduces cortisol levels and modulates the HPA axis, leading to decreased systemic inflammation and 
improved immune responses [29]. Studies have shown that regular yoga practice increases levels of immunoglobulins, enhances 
natural killer cell activity, and reduces pro-inflammatory cytokines such as IL-6 and CRP [30]. Additionally, yoga influences gene 
expression related to immune function, including upregulation of antiviral defence genes and downregulation of inflammatory 
pathways [31]. The stress-reducing effects of yoga are particularly important, as chronic stress is known to impair immune function 
and increase susceptibility to infections. By improving mental health, sleep quality, and overall physiological resilience, yoga serves 
as a powerful adjunctive therapy in the management of infectious diseases.

Microbiome Modulation and Gut-Immune Axis
The gut microbiome plays a pivotal role in immune regulation and defence against pathogens, making it a key target in natural treatment 
strategies for infectious diseases [32]. Herbal medicines, Ayurvedic formulations, and dietary interventions can modulate the composition 
and function of the gut microbiota, promote beneficial bacteria such as Lactobacillus and Bifidobacterium while inhibiting pathogenic 
species [33]. This modulation enhances mucosal immunity, improves barrier function, and reduces systemic inflammation. Short-chain 
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fatty acids (SCFAs), produced by beneficial gut bacteria, play a crucial role in immune regulation by promoting regulatory T-cell (Treg) 
differentiation and reducing inflammatory responses [34]. Natural treatments that support microbiome health can therefore enhance 
both innate and adaptive immunity. Probiotics and prebiotics derived from natural sources can further support microbiome balance 
and improve immune resilience. The integration of microbiome-targeted therapies into infectious disease management represents a 
promising area of research and clinical application.

Table 6: Microbiome–Immune Axis Modulation
Intervention Microbiome Change Metabolite Produced Immune Path-way Clinical Effect

Probiotics ↑ Lactobacillus SCFAs Treg activation Reduced inflam-mation
Fibre diet ↑ Diversity Butyrate Anti-inflammatory Infection preven-tion
Ayurveda diet Gut balance Enzymatic metabo-lites Improved diges-tion Immunity boost
Herbs ↓ Pathogens Antimicrobial metab-olites Immune activa-tion Infection control

Molecular Mechanisms of Herbal Medications
Herbal medicines contain a wide range of bioactive compounds 
that exert antimicrobial and immunomodulatory effects through 
diverse biochemical pathways, making them valuable tools in 
infectious disease management [35]. Phytochemicals such as 
flavonoids, alkaloids, terpenoids, and polyphenols interact with 
microbial and host cellular pathways, leading to inhibition of 
pathogen growth and modulation of immune responses. Curcumin, 
a polyphenol derived from turmeric, has been extensively studied 
for its ability to inhibit the NF-κB signaling pathway, which plays 
a central role in inflammation and immune regulation [36]. By 
suppressing NF-κB activation, curcumin reduces the production 
of pro-inflammatory cytokines such as TNF-α, IL-6, and IL-1β, 
thereby mitigating the inflammatory response associated with 
infections. In addition to its anti-inflammatory effects, curcumin 
exhibits direct antimicrobial activity by disrupting microbial cell 
membranes and inhibiting viral replication [37]. Similarly, allicin 
from garlic exerts antibacterial effects by interacting with thiol 
groups in microbial enzymes, leading to metabolic disruption 
and cell death [38]. Green tea polyphenols such as EGCG inhibit 
viral entry and replication, demonstrating antiviral activity against 
influenza and other viruses [39]. These compounds also enhance 
immune function by activating macrophages, dendritic cells, and 
natural killer cells, thereby improving the body’s ability to detect 
and eliminate pathogens [40]. The mechanism has been explained 
in detail in the table 4 above.

Integration with Modern Medicine
While natural therapies offer significant benefits, their integration 
with modern medicine is essential for optimal management of 
infectious diseases [41]. Natural treatments can act as adjuncts 
to conventional therapies, enhancing efficacy, reducing side 
effects, and improving patient outcomes. For example, herbal 
immunomodulators can be used alongside antibiotics to enhance 
immune responses and reduce the risk of recurrent infections.

Table 7:  Integrative Clinical Pathway for Infection 
Management

Step Intervention Mechanism Outcome
Infection 
on-set

Immune 
activa-tion

Cytokine 
signaling

Early control

Inflammation Herbal 
therapy

NF-κB 
inhibition

Reduced 
dam-age

Recovery Diet + 
probiotics

Microbiome 
restora-tion

Healing

Prevention Yoga + 
lifestyle

Neuroimmune 
bal-ance

Resistance

It is crucial to ensure evidence-based application, appropriate 
dosing, and awareness of potential herb-drug interactions [42]. 
Clinical trials and systematic reviews are needed to establish the 
efficacy and safety of natural therapies in different infectious 
conditions. The integration of natural and modern approaches 
aligns with the concept of personalized medicine, where 
treatment strategies are tailored to individual patient needs and 
disease characteristics. By combining the strengths of both 
systems, healthcare providers can achieve more comprehensive 
and effective management of infectious diseases.

Conclusion
Infectious diseases continue to represent one of the most 
significant challenges to global healthcare systems, contributing 
to high morbidity and mortality despite advances in antimicrobial 
therapies, vaccination programs, and public health interventions. 
The increasing prevalence of antimicrobial resistance (AMR) 
has emerged as a major threat, reducing the effectiveness of 
antibiotics and leading to prolonged illness, higher healthcare 
costs, and increased mortality. This article explored alternative 
and complementary approaches that can enhance host immunity, 
reduce pathogen virulence, and improve recovery outcomes. 
Natural therapies such as herbal medicine, Ayurveda, yoga, and 
dietary interventions have scientific basis and have been used for 
centuries across different cultures and are now being investigated 
using modern scientific methodologies to understand their 
mechanisms of action and clinical relevance. These therapies 
operate through multi-targeted mechanisms, influencing immune 
responses, inflammation, oxidative stress, and metabolic pathways, 
thereby providing a holistic approach to disease management. From 
a systems biology perspective, infectious diseases are not solely 
the result of pathogen invasion but involve complex interactions 
between the pathogen, host immune system, microbiome, and 
environmental factors. Natural therapies address these interactions 
by acting on multiple biological systems simultaneously, offering 
advantages over single-target pharmacological approaches. 
Furthermore, natural treatments often have lower toxicity profiles 
and can be used for long-term prevention and health maintenance. 
The concept of “host-directed therapy” is increasingly recognized 
in infectious disease management, emphasizing the importance of 
strengthening the host’s immune system in addition to targeting 
the pathogen. 
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Natural treatments, including herbal medicine, Ayurveda, kitchen 
herbs, yoga, and dietary interventions, offer a scientifically plausible 
and clinically valuable approach to managing infectious diseases. 
Their mechanisms of action encompass direct antimicrobial effects, 
immunomodulation, anti-inflammatory pathways, microbiome 
regulation, and neuroendocrine balance. The integrative use of 
these therapies alongside modern medicine can enhance treatment 
outcomes, reduce antimicrobial resistance, and promote overall 
health and resilience. Future research should focus on rigorous 
clinical trials, mechanistic studies, and the development of 
standardized protocols to facilitate the safe and effective integration 
of natural therapies into mainstream healthcare.
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